Recent studies indicate that serum levels of osteocalcin, a 49-aminoacid bone matrix protein, are a biochemical marker of bone formation. In order to study bone metabolism in diabetes mellitus, in 28 patients with Type 1 (insulin-dependent) diabetes mellitus, in 38 patients with Type 2 (noninsulin-dependent) diabetes mellitus and two control groups, matched for Type t and Type 2 diabetic patients, respectively, serum levels of osteocalcin, parathyroid hormone and 25 hydroxy vitamin D were measured by radioimmunoassay. Whereas in Type 1 diabetic patients and control subjects serum levels of osteocalcin and 25 hydroxy vitamin D were not statistically different, serum osteocalcin and 25 hydroxy vitamin D levels were significantly decreased in Type2 diabetic patients when compared with corresponding control subjects (p < 0.03 and p < 0.001, respectively). Independent of the type of diabetes, serum parathyroid hormone levels were comparable in diabetic patients and matched control subjects.
Serum osteocalcin levels were significantly lower in Type 1 diabetic patients with retinopathy and/or proteinuria than in Type 1 diabetic patients without microangiopathy (p< 0.05). Whereas serum parathyroid hormone levels in Type 2 diabetic patients with retinopathy and/or proteinuria were significantly increased (p<0.02), 25 hydroxy vitamin D levels were decreased (p< 0.02) when compared with Type 2 diabetic patients without microangiopathy. Our data give evidence of a vitamin D deficiency and a decreased bone formation in patients with Type 2 diabetes mellitus. In Type 1 diabetes mellitus bone formation as reflected by serum osteocalcin levels is influenced by the presence or absence of microangiopathic complications.
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Osteopenia has been recognized as a general feature of diabetes mellitus. In 1927, osteopenia was described radiographically in children with diabetes mellitus [1] . Menczel et al. in a large scale radiologic study demonstrated an increased incidence of osteoporosis and hip fractures in diabetic patients [2] ; however, regarding the osteoporosis in Type 2 (non-insulin-dependent) diabetes mellitus in the literature some controversy exists [3, 4] . Using photonabsorptiometry, a decreased bone mineral content was found in Type 1 (insulin-dependent) and insulin treated Type 2 diabetic patients [5] [6] [7] [8] [9] [10] ; whereas, in those patients treated with oral hypoglycaemic agents, both an increased and a decreased bone mass has been reported [3, 11] .
Osteocalcin (OC, bone GLA-protein) is a 49-amino acid bone matrix protein which is released into the blood and can be measured by radioimmunoassay [12] . Serum OC levels have been found to represent the de novo synthesis of OC by osteoblasts [13] .
Clinical evidence indicates that serum OC levels are a useful non-invasive biochemical parameter of bone formation [14] . In order to gain further insights into the pathophysiology of bone metabolism in diabetes mellitus, we measured serum levels of osteocalcin, parathyroid hormone (PTH) and 25 hydroxy vitamin D (25 OH Vit. D) in Type 1 and Type 2 diabetic patients.
Subjects and methods
Twenty-eight patients with Type I diabetes mellitus and 38 patients with Type 2 diabetes mellitus were studied. Clinical characteristics of diabetic patients are given in Table 1 , in all patients serum creatinine levels, as well as the serum levels of calcium and phosphorus, were in the normal range. No diabetic patient took any medication known to influence bone metabolism. The patients had no clinical signs or symptoms of osteoporosis. In the diabetic patients, the presence or absence of diabetic retinopathy was assessed by funduscopy and fluorescein angiography; urinary protein excretion was determined by the biuret method. Results obtained in the diabetic patients were compared with two control groups, sex-and age matched for Type t and Type 2 diabetic patients, respectively ( Table 1 ). All control subjects were apparently healthy, led normal life styles and had normal dietary a body mass index (kg/m 2); b glycosylated hemoglobin Alc (normal range < 6%); data are given as the mean _+ SEM Table 2 . Serum levels of bilirubin, alkaline phosphatase (AP), aspartate aminotransferase (GOT), alanine aminotransferase (GPT), y glutamyltansferase (yGT) calcium (Ca) and phosphorus (Ph) in Type I (DM I) and Type 2 (DM II) diabetic patients and corresponding control subjects (CO I/CO II). The values are given as the median value, the lower and the upper quartile habits. As a circadiane rhythm of OC in human serum has been described [15] , blood samples in diabetic patients and control subjects were obtained between 08.00 and 08.30 h in the fasting state before the insulin injections or the oral hypoglycaemic medication was given. Blood sampling in the patients and controls was equally distributed throughout the year. Serum levels of OC, PTH and 25 OH Vit. D were measured by specific radioimmunoassays as described in detail earlier [16] . Serum OC levels were determined by a commercially available radioimmunoassay kit (CIS International, Gif sur Yvette, France). Serum levels of parathyroid hormone were measured by a radioimmunoassay of mid-regional specificity (Sorin Biomedica, Saluggia, Italy). Serum levels of 25 OH Vit. D were determined by competitive binding protein assay after extraction and C-t8 purification (Radiochemical Center, Amersham, UK). All radioimmunoassays had intra-assay coefficients of variation in the useful range of the assays of less than 8% and interassay coefficients of variation of less than 14%. The minimal detectable concentration of OC was 0.2 Kg/1, of PTH 20 pmol/1 and of 25 OH Vit.D 3.7 nmol/l. Serum levels of bilirubin, alkaline phosphatase (AP), aspartate aminotransferase (GOT), alanine aminotransferase (GPT), y glutamyltransferase (yGT) and creatinine were determined by an American Monitor Parallel Analyser, Indianapolis, Indiana, USA.
Statistical analysis
Unless indicated otherwise all the data in the text and the tables are given as the mean _+ SEM. The Kruskal-Wallis test and Kendall Tau correlation coefficient were used for statistical analysis. Figure 1 shows the serum levels of OC, PTH and 25 OH Vit. D in Type 1 and Type 2 diabetic patients and in the corresponding control subjects. Serum levels of OC, PTH and 25 OH Vit. D in Type I diabetic patients and age matched control subjects were not statistically different. In Type 2 diabetic patients :serum levels of OC and 25 OH Vit. D were significantly lower (p<0.001) than in the corresponding control subjects. Whereas in the Type 2 diabetic patients serum levels of bilirubin, AP, GOT, GPT and yGT were not statistically different from the corresponding controls, the Type 1 diabetic patients had significantly higher levels of AP and GPT (p< 0.04 and p< 0.03, resp.) than the age matched control subjects, although all values were within the normal range of our laboratory (Table 2 ). In the Type 2 diabetic patients serum calcium levels were slightly but significantly lower than (p< 0.005) in the corresponding control group (Table 2) .
Results
In addition, we evaluated serum levels of OC, PTH, 25 OH Vit. D in diabetic patients without signs of diabetic microangiopathy in comparison with diabetic patients with retinopathy and/or proteinuria (Fig. 2) . Serum creatinine levels and creatinine clearances in the Type 1 and Type 2 diabetic patients with and without microangiopathic complications were not statistically different (serum creatinine: 0.8+0.05 vs 0.9+0.06 mg/dl NS and 0.9 + 0.04 vs 1.0+ 0.07 NS resp.; creatinine clearance: 91+8 vs 85 +12 ml/min NS and 82 + 10 vs 73 + 8 ml/min NS respectively). Serum levels of OC were significantly lower in Type I diabetic patients with retinopathy and/or proteinuria when compared with Type 1 diabetic patients without signs of microangiopathy. Serum levels of OC in Type 2 diabetic patients with microangiopathy were slightly lower than in Type 2 diabetic patients without microangiopathy, however, the differences did not reach statistical significance. Whereas in Type 1 diabetic patients with and without microangiopathy serum PTH and 25 OH Vit.D levels were not statistically different, in Type 2 diabetic patients with retinopathy and/or proteinuria decreased serum levels of 25 OH Vit. D and increased serum levels of PTH were found (Fig. 2) . In Type 1, as well as in Type 2 diabetic patients with and without signs of microangiopathy, serum levels of bilirubin, GOT, GPT, AP and 7GT were not statistically different (data not shown).
Both in Type 1 and Type 2 diabetic patients, no significant correlation between serum OC levels and HbAlc could be found (tau= -0.05, NS and tau= -0.18, NS respectively).
Discussion
Our data demonstrate that serum OC levels are decreased in patients with Type 2 diabetes mellitus and in Type 1 diabetic patients with retinopathy and/or proteinuria. Serum OC levels have been found to be a biochemical marker of bone formation: in conditions with increased bone formation such as in primary hyperparathyroidism, in hyperthyroidism or in high-turnover osteoporosis serum OC levels are increased [12, 14, 17] .
In turn, in conditions with decreased bone formation such as in patients receiving glucocorticoids or in low-turnover osteoporosis, OC levels have been found to be decreased [14, 17] . Our findings of low OC levels in Type 2 diabetic patients and Type 1 diabetic patients with diabetic microangiopathy thus indicate that bone formation is decreased in these patients. Our results are in line with histological studies demonstrating a diminished rate of bone formation in diabetes mellitus [18, 19] . In a very recent paper, Ishida et al. found decreased serum OC levels and a decreased bone content of OC in streptozocin-induced diabetic rats [20] . The pathomechanism leading to a decreased bone formation in diabetes mellitus has not been fully clarified until now. As insulin stimulates the uptake of amino acid and the collagen synthesis in bone [21, 22] , insulin deficiency might be one possible etiologic factor of diabetic osteopathy.
In the Type I diabetic patients with retinopathy and/or proteinuria serum OC levels were lower than in Type 1 diabetic patients without signs of microangiopathy. These differences might be due, at least in part, to changes in the life style or' morbility in the patients with late complications. However, as diabetic microangiopathy has been found also to be manifest in the vascular system of bone marrow [23] , it might be speculated that diabetic microangiopathy could influence bone formation, perhaps via a disturbed bone vascularisation. In Type 1 diabetic patients, serum levels of AP were higher than in the control group. However, AP has been found to be a less specific and a less sensitive marker of bone turnover than serum OC levels [14] . As in Type 1 diabetic patients, GPT was significantly higher than in the control group, it is probable that the elevated levels of AP in these patients are caused by contributions from extraosseous e.g. hepatic tissue [24] .
In the literature on diabetes mellitus, both normal and altered concentrations of mineral regulating hormones have been reported [25] [26] [27] . In the Type 1 diabetic patients in agreement with previous data [28-301, serum levels of total calcium, phosphorus, PTH and 25 OH vitamin D were not statistically different from the matched control group. In the Type 2 diabetic patients, while median serum PTH levels were similar to those of the control subjects, serum calcium and the levels of 25 OH Vit. D, which is the main circulating form of the vitamin and represents the body stores of vitamin D [31] , were significantly decreased. When Type 2 diabetic patients were subdivided into those with and without signs of microangiopathic complications, serum 25 OH Vit. D levels were lower in patients presenting with retinopathy and/or proteinuria. In the latter group -propably due to the more severe vitamin D deficiency -serum levels of PTH were significantly higher than in the Type 2 diabetic patients without diabetic microangiopathic complications. The lower 25 OH Vit. D levels in the Type 2 diabetic patients might be due to a decreased UV exposure, to a decreased dietary vitamin D intake or a diminished intestinal absorption of vitamin D, possibly aggravated by diabetic autonomic neuropathy.
In conclusion, the data of our study demonstrate a vitamin D deficiency and decreased serum OC levels in Type 2 diabetes mellitus; in Type 1 diabetic patients, serum OC levels are lower in patients with microangiopathic complications than in patients without evidence of microangiopathy.
